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LIST OF ACRONYMS AND TERMS

BMP = Best management practice, the schedule of activities, prohibitions of practices,
maintenance procedures, and other management practices to prevent or reduce the
pollution of and impacts upon waters of the State. BMPs also include treatment
requirements, operating procedures, and practices to control runoff, spillage or leaks,
sludge or waste disposal, or drainage from raw material storage.

Clean Water Act = the Federal Water Pollution Act (33 U.S.C. § 1251) et seq. and all
amendments thereto.

Designated uses = those uses specified in water quality standards for each water body,
whether or not they are being attained. In no case shall assimilation or transport of
pollutants be considered a designated use.

EPA = the United States Environmental Protection Agency.

Fecal coliform = bacteria found in the intestinal tracts of warm-blooded animals. Their
presence in water or sludge is an indicator of pollution and possible contamination by
pathogens, which are disease causing organisms.

LA = Load allocation, the portion of a receiving water’s loading capacity that is allocated
either to nonpoint sources of pollution or to natural background sources.

Loading capacity = means the maximum pollutant loading that a surface water can
receive without violating water quality standards.

MOS = Margin of safety. Because bacteria levels are variable, it is possible that the
specified reductions may not be adequate to allow water quality to meet standards. To
account for this uncertainty, an additional reduction in bacteria levels beyond the required
numeric bacteria concentration is specified. This can be achieved by using conservative
assumptions, an explicitly allocated reduction, such as a level 10% below the standard, or
a combination of both techniques.

Natural Background = all prevailing dynamic environmental conditions in a waterbody or
segment, other than those human-made or human-induced. Natural background bacteria
concentrations include contributions from wildlife and/or waterfowl. However
contribution from animals and waterfowl that exist in an area because of human activities
(e.g. feeding of birds) are not considered as part of the natural background.

Nonpoint source = any discharge of pollutants that does not meet the definition of point
source in section 502.(14) of the Clean Water Act. Such sources are diffuse, and often
associated with land use practices that carry pollutants to the waters of the state. They
include but are not limited to, non-channelized land runoff, drainage, or snowmelt;
atmospheric deposition; precipitation; and seepage.

vi
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Point source = any discernible, confined, and discrete conveyance, including but not
limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container,
rolling stock, concentrated animal feeding operation or vessel, or other floating craft,
from which pollutants are or may be discharged. This term does not include return flows
from irrigated agriculture.

DEM = Rhode Island Department of Environmental Management
Runoff = water that drains from an area as surface flow.

RPD = Relative percent difference, expressed as the difference between observed and
predicted values of a variable, divided by the observed value.

TMDL = Total maximum daily load, the amount of a pollutant that may be discharged
into a waterbody without violating water quality standards. The TMDL is the sum of
wasteload allocations for point sources, load allocations for nonpoint sources, and natural
background. Also included is a margin of safety.

pg/L = a concentration unit of micrograms (one-millionth of a gram) pollutant (e.g. total
phosphorus) per liter solution. One pg/L is equal to one-thousandth of a milligram per
liter (mg/1). Hence, the total phosphorus standard of 0.025 mg/l = 25 ug/L.

Water quality standard = provisions of state or federal law which consist of designated
use and water quality criteria for the waters of the state. Water quality standards also
consist of an antidegradation policy. Rhode Island’s water quality regulations may be
found at www.state.ri.us/dem/pubs/regs/index.htm#WR.

WLA = Waste load allocation, the portion of a receiving water’s loading capacity that is
allocated to point sources of pollution.

vil
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ABSTRACT

Chickasheen Brook (waterbody ID number RI0008039), Yawgoo Pond (waterbody ID
number RI0008039L-15-03) and Barber Pond (waterbody ID number RI0008039L-14)
are located in the southern portion of the State of Rhode Island within the Towns of
Exeter and South Kingstown (Figure 1.1). The surrounding watershed is not sewered and
approximately 48 percent of the watershed is forested. Other land use consists of
approximately 11 percent as low to medium density residential development (1/4- to 2-
acre lots), 11 percent as agriculture, and a small amount (3 percent) as
industrial/commercial use.

Chickasheen Brook from its headwaters to Yawgoo Pond is designated by the Rhode
Island Department of Environmental Management (DEM) as a class A waterbody,
suitable as a source of public drinking water supply, for primary and secondary contact
recreational activities, and for fish and wildlife habitat. It is suitable for compatible
industrial processes and cooling, hydropower, aquacultural uses, navigation, and
irrigation and other agricultural uses and has good aesthetic value. The remainder of
Chickasheen Brook, Yawgoo Pond, and Barber Pond are designated by DEM as Class B
water bodies, suitable for primary and secondary recreation and fish and wildlife habitat.

The goals of this TMDL are to assess total phosphorus, chlorophyll-a, and dissolved
oxygen concentrations within these water bodies, to identify and assess sources of the
impairment, and to recommend mitigation measures to restore all designated uses.

At the points where it enters Yawgoo and Barber Ponds, Chickasheen Brook consistently
exceeds the State’s total phosphorus criterion of 0.025 mg/I (25 ug/l) and has excess algal
growth. Yawgoo Pond consistently fails Class B standards for dissolved oxygen
(instantaneous minimum dissolved oxygen content not less than 5.0 mg/1), total
phosphorus (0.025 mg/1), and also has excess algal growth. Barber Pond also fails to
meet the dissolved oxygen standard. As a result, these water bodies are listed in Group 2
on Rhode Island’s 303(d) List of Impaired Waters.

The headwaters of Chickasheen Brook are located in a wetland (known locally as Maple
Swamp) east of Route 2 and north of Yawgoo Valley Road in Exeter, Rhode Island. The
brook flows approximately 1.6 miles from its headwaters to Yawgoo Pond and is
conveyed through a culvert in a westerly direction under Route 2, flowing southwesterly
through Arrow Swamp, passing through a culvert at Miskiania Trail, and proceeding
southerly to Yawgoo Pond. Yawgoo Pond is approximately 143.4 acres, its deepest
portion, 36 feet deep, is located in the center of the pond. The Chickasheen Brook
outflow is located at the southeast section of the pond, where it flows southeasterly
through a wetland for approximately 1,200 feet to its confluence with Mud Brook and
another 400 feet where it flows diffusely into Barber Pond. Barber Pond is
approximately 28.5 acres and the deepest portion is located northeast of the center of the
pond, approximately 18 feet deep. Chickasheen Brook then exits the southeastern corner
of Barber Pond.



Final 5/14/04

The current phosphorus load in Chickasheen Brook at the point where it enters Yawgoo
Pond was estimated to be 425 kg/yr. The allowable load in Chickasheen Brook where it
discharges to the pond is 57 kg/yr. The current phosphorus load to Yawgoo Pond is 446
kg/yr; the allowable load is 78 kg/yr. The required load reductions for Chickasheen
Brook (at Miskiania Trail) and Yawgoo Pond are therefore 368 kg/yr. Chickasheen Book
continues out of Yawgoo Pond, flowing through a wetland area before discharging into
Barber Pond. The brook contributes an estimated 96 kg of the 134 kg annual total
phosphorus load to Barber Pond. The allowable load in the brook at the point of entry to
the pond is 44 kg/yr, so a 54% load reduction is needed for Chickasheen Brook at its
point of discharge to Barber Pond to meet the total phosphorus load target for the pond.
The load reductions for Chickasheen Brook at the entry to Barber Pond and for Barber
Pond are 52 kg/yr and 64 kg/yr, respectively. Identified or potential sources to the brook
and ponds include the release of a phosphorus burden from wetland sediments, individual
sewage disposal systems (ISDSs), storm runoff from adjacent roads, releases from
historic land uses including two former shellfish operations, and wildlife.

The target total phosphorus concentration target for Chickasheen Brook is 22.5 ug/I at
Miskiania Trail and 11.4 ug/l at the point of entry to Barber Pond. The target annual
mean total phosphorus concentrations in Yawgoo and Barber Ponds are 11.4 ug/l and
10.6 ug/l, respectively. These targets are expected to produce lower loadings and
concentrations than those seen during 1994 to 1997 when the condition of both ponds
was significantly better.

Historically, water quality degradation in Yawgoo Pond prompted the closure of
upstream shellfish operations in 1990. Following the closures, water quality within
Yawgoo Pond improved dramatically, returning to meso- to oligotrophic conditions.
This recovery was short-lived, however, when in 1998 a dramatic increase in total
phosphorus concentrations entering Yawgoo Pond from Chickasheen Brook caused
excess algal blooms and a shift to cyanobacteria (blue-green algae) in the pond. The
water quality impacts of this increase extended downstream to include Barber Pond.
Based on windshield surveys conducted by the University of Rhode Island Watershed
Watch (URIWW) Program, the most significant land use change observed within the
upper watershed was the inundation of Arrow Swamp due to beaver activity.

The Arrow Swamp impoundment was eliminated by December 2001, however an
impoundment was established downstream. Total phosphorus levels in Chickasheen
Brook remained near their previous high values during 2002. It is apparent, however, that
the impoundments are related to the increased release of previously bound phosphorus
from the sediments of the swamp. DEM recommends that a strategy be developed to
control phosphorus and algae blooms in Yawgoo and Barber Ponds by a consultant
having expertise and experience in addressing similar situations. Possible management
options include continued prevention of impoundments, controlled breaching, collection
of duckweed, aeration, and alum application.
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Recent (2002) groundwater data at the former Harbor Shellfish Inc. (HSI) site and surface
water data collected in Chickasheen Brook upstream of Route 2 indicate that other
phosphorus sources exist in the watershed. DEM recommends that monitoring of these
historical sources be continued. The former HSI site apparently still contributes elevated
phosphorus load to Arrow Swamp. The existence and potential role of sludge deposits in
the former lagoons at this location should be evaluated. Because phosphorus
concentrations in the brook at the station upstream of Route 2 are elevated above
background, DEM recommends continued monitoring in this area.

The TMDL requires that Storm Water Management Program Plans (SWMPPs) be
submitted by the Towns of Exeter and South Kingstown, and the Department of
Transportation (DOT) for areas in the Chickasheen Brook and Barber Pond watersheds
that are regulated by the Phase II Stormwater Program (Phase II). The SWMPPs must
contain plans for implementation of the six minimum measurements required under
Phase II. The installation of catch basins or another suitable BMP to treat runoff and
stabilize soils in the area of the public boat launch adjacent to Route 2 near the Barber
Pond outlet is also specified to prevent the overland conveyance of phosphorus in sheet
flow entering Barber Pond and further sedimentation along that area of its shoreline.

This TMDL relies upon phased implementation to reach water quality goals. As remedial
measures are implemented, the corresponding response in total phosphorus, dissolved
oxygen, and algae (chlorophyll-a) concentrations will be measured. The water quality
concentration targets are considered estimated levels that result in the attainment of
designated uses. This TMDL will be considered implemented when the conditions
necessary to support each water body’s designated uses, as naturally occurs, are attained.
More specifically, these conditions are algal abundance equivalent to a chlorophyll-a
level less than 9 ug/l, a shift from blue-green algae as the dominant species, elimination
of noxious plant accumulations in Chickasheen Brook, and return of dissolved oxygen
conditions in the ponds to those seen in the 1950’s. As appropriate, additional measures
may be required if the designated uses are not met following implementation of the
recommended remedial measures.
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1.0 INTRODUCTION

Section 303(d) of the Clean Water Act and EPA's Water Quality Planning and
Management Regulations (40 CFR Part 130) requires states to develop Total Maximum
Daily Loads (TMDLs) for water bodies that are not meeting water quality standards. The
objective of a TMDL is to establish water-quality-based limits for pollutant loadings that
allow the impaired waterbody to meet standards. This TMDL addresses water quality
impairments associated with excessive phosphorus loadings to water bodies in the
headwaters of Chickasheen Brook, a sub-watershed of the Pawcatuck River watershed in
southern Rhode Island.

1.1 Study Area

The study area includes Yawgoo Pond in Exeter and South Kingstown, RI, Barber Pond,
in South Kingstown, and the reaches of Chickasheen Brook that drain to and connect the
ponds. The upper Chickasheen Brook watershed showing the water bodies and their sub-
watersheds is presented in Figure 1.1.

1.2 Pollutant of Concern

Water quality monitoring conducted by DEM and the University of Rhode Island
Watershed Watch Program (URIWW) indicates that Chickasheen Brook is impaired for
total phosphorus and noxious aquatic plants. Yawgoo Pond is impaired for total
phosphorus, excess algal growth/chlorophyll-a, and hypoxia (low dissolved oxygen
concentration). Barber Pond is impaired for hypoxia.

1.3 Priority Ranking

Yawgoo and Barber ponds are listed as Group 2 water bodies in the DEM 2002 303(d)
List of Impaired Waters. Group 2 waters are those not meeting water quality standards,
with TMDL development planned for the future. Chickasheen Brook was not listed in the
DEM 2000 303(d) List of Impaired Waters, however, based on URIWW data, it is listed
for total phosphorus in DEM’s 2002 303(d) List from its headwaters to the outflow of
Barber Pond.

1.4 Applicable Water Quality Standards

Designated Uses

Chickasheen Brook is designated as a Class A waterbody from its headwaters to Yawgoo
Pond. Class A water bodies are designated as sources of public drinking water supply,
for primary and secondary contact recreational activities, and for fish and wildlife habitat
and should have good aesthetic value. Chickasheen Brook from, and including Yawgoo
and Barber Ponds, to its confluence with the Usquepaug River is designated as a Class B
waterbody by the State of Rhode Island. Class B waters are designated for fish and
wildlife habitat, primary and secondary contact recreation and shall be compatible for
industrial processes and cooling, hydropower, aquacultural uses, navigation, and
irrigation and other agricultural uses. Class B waters should have good aesthetic value.
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Figure 1.1: Upper Chickasheen Brook Watershed, South Kingston and Exeter,
Rhode Island.
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Water Quality Criteria

The following criteria for nutrients, which include Total phosphorus and nitrogen,
excerpted from Table 1 of DEM’s Water Quality Regulations (DEM, 1997), apply to
Chickasheen Brook, Yawgoo Pond, and Barber Pond:

10(a). Average Total phosphorus shall not exceed 0.025 mg/l in any lake, pond,
kettlehole, or reservoir, and average Total P in tributaries at the point where they
enter such bodies of water shall not cause exceedance of this phosphorus criteria,
except as naturally occurs, unless the Director determines, on a site-specific basis,
that a different value for phosphorus is necessary to prevent cultural eutrophication.

10(b). Nome [nutrients] in such concentration that would impair any usages
specifically assigned to said Class, or cause undesirable or nuisance aquatic species
associated with cultural eutrophication, nor cause exceedance of the criterion of
10(a) above in a downstream lake, pond, or reservoir. New discharges of wastes
containing phosphates will not be permitted into or immediately upstream of lakes or
ponds. Phosphates shall be removed from existing discharges to the extent that such

removal is or may become technically and reasonably feasible.

Rule 10(b) states that nutrient concentrations in a waterbody (and hence loadings to the
water body) shall not cause undesirable aquatic species (e.g. chlorophyll-a) associated
with cultural vegetation. This narrative standard is designed to prevent the occurrence of
excessive plant growth, whether as duckweed as is the case in Chickasheen Brook, or
algal growth as is the case in Yawgoo Pond. The Department will follow guidelines set

by the Nurnberg (1996) Trophic State Index to establish a limit for algal concentrations in

Yawgoo Pond.

Barber and Yawgoo Ponds are considered to be warm water fish habitat (Alan Libby
(Division of Fish and Wildlife), personal communication). The following standards apply

for dissolved oxygen:

Warm Water Fish Habitat - Dissolved oxygen content of not less than 60% saturation,
based on a daily average, and an instantaneous minimum dissolved oxygen
concentration of at least 5.0 mg/l. The 7 day mean water column dissolved oxygen
concentration shall not be less than 6 mg/I.

Antidegradation Policy

Rhode Island’s antidegradation policy requires that, at a minimum, the water quality
necessary to support existing uses be maintained (see Rule 18, Tier 1 in the State of
Rhode Island’s Water Quality Regulations). If water quality for a particular parameter is
of a higher level than necessary to support an existing use, that improved level of quality
should be maintained and protected (see Rule 18, Tier 2 in the State of Rhode Island’s
Water Quality Regulations).
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Numeric Water Quality Target

Historic shellfish processing operations in the Chickasheen Brook watershed are believed
to be the primary source of phosphorus, causing water quality impairments in both
Yawgoo and Barber Ponds. This TMDL sets numeric concentration targets for
Chickasheen Brook of 0.0225 mg/l, which is equivalent to the state’s water quality
standard of 0.025 mg/l minus a 10% explicit margin of safety.

The resulting numeric concentration targets for Yawgoo and Barber Ponds establish the
scale of the reductions necessary to support their designated uses. It may not be
necessary, however, to attain the numeric targets specified to achieve the goal of
supporting designated uses. This TMDL will be considered implemented when the
conditions necessary to support each water body’s designated uses, as naturally occurs,
are attained. More specifically, these conditions are algal abundance equivalent to a
chlorophyll-a level less than 9 ug/l, a shift from blue-green algae as the dominant species,
elimination of noxious plant accumulations in Chickasheen Brook, and return of
dissolved oxygen conditions in the ponds to those seen in the 1950°s.

The numeric water quality targets are total phosphorus concentrations of 0.0114 mg/L for
Yawgoo Pond, 0.0106 mg/1 for Barber Pond, 0.0225 mg/I for Chickasheen Brook where
it enters Yawgoo Pond, and 0.0114 mg/1 for Chickasheen Brook where it enters Barber
Pond. The TMDL must also ensure that the water quality criteria for dissolved oxygen
and aquatic plant growth/algal abundance, as outlined above, are met. Reducing
phosphorus is the most effective way to reduce algal abundance, because the growth of
algae in freshwater environments is typically constrained by the availability of
phosphorus. With algal abundance under control, the variability in dissolved oxygen
levels (high daytime values, low nighttime values, and depressed oxygen levels following
bloom crashes) will be reduced. As a consequence, dissolved oxygen and algae targets
are not set explicitly by the TMDL. The Department believes that these criteria will be
met by achieving the ambient phosphorus concentrations presented above.
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2.0 DESCRIPTION OF THE STUDY AREA

The Chickasheen Brook watershed is a relatively small subwatershed of the Pawcatuck
River located in the Towns of Exeter and South Kingstown in Rhode Island. The entire
Chickasheen Brook encompasses approximately 4,260 acres, however, this TMDL only
addresses the upper portion of the watershed, which encompasses approximately 2116
acres (3.3 mi%). All subsequent references and descriptions of the Chickasheen
Watershed will refer only to this upper portion of the watershed.

The length of Chickasheen Brook from its headwaters to the outflow of Barber Pond is
approximately 3 miles. The headwaters of Chickasheen Brook originate in a swamp
(known locally as Maple Swamp) located below the western slopes of Yorker Hill. The
brook is conveyed under Route 2 through culverts, and it returns to channel flow on the
western side of Route 2, flowing through Arrow Swamp in a southwesterly direction.

The outflow to Arrow Swamp, located proximate to the end of Raymond Potter Road in
Exeter, is constricted through an opening of a former raised farm/logging road. It was at
this point that a beaver dam (estimated to be 2-4 years old) was located, causing the
backwatering and flooding of Arrow Swamp. Subsequent to a property sale that included
the area where the beaver dam was located, the landowner breached the dam and has
maintained that breach. The beavers subsequently moved approximately 2,000 feet
downstream to an old millpond and established a new dam and lodge. Chickasheen Brook
continues flowing southwesterly through the downstream millpond and eventually flows
through a culvert under Miskiania Trail. The brook continues southerly to the inflow of
Yawgoo Pond.

Yawgoo Pond has a surface area of 143 acres and a maximum depth of 36 feet (Guthrie
and Stolgitis, 1994). Volume estimates of Yawgoo Pond range from 2.27 x 10° m’
(DEM, 2002) to 2.33 x 10° m® (Linda Green, personal communication) and annual pond
outflow estimates range from 3.46 x 10° m*/yr (Linda Green, personal communication) to
3.85 x 10° m*/yr (DEM, 2002). This corresponds to a residence time between 215 and
246 days, where residence time is defined as the period of time required to replace the
volume of water in the pond.

Chickasheen Brook exits Yawgoo Pond from the southeastern portion of the pond,
flowing in a southeasterly direction to its confluence with Mud Brook and eventually
Barber Pond. Barber Pond is approximately 25 acres and has a maximum depth of 18
feet (Guthrie and Stolgitis, 1994). Volume estimates of Barber Pond range from 3.35 x
10°’m® (Linda Green, personal communication) to 3.81 x 10°’m® (DEM, 2002) and annual
pond outflow estimates range from 5.33 x 10° m*/yr (Linda Green, personal
communication) to 6.34 x 10° m’ /yr (DEM, 2002). This corresponds to a residence time
between 22 and 23 days.

The dominant land use within the watershed is undeveloped (forests, wetlands, and open
waters) occupying approximately 83 percent of the upper watershed. Residential land
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uses occupy approximately 10 percent of the upper watershed area with approximately 74
percent as medium density residential, 16 percent as medium-low density residential, and
10 percent as low density residential land use. The entire watershed is unsewered and
generally served by private well water supplies. Figure 2.1 depicts land uses within the
sub-watersheds of the upper Chickasheen Brook watershed. Table 2.1 summarizes the
land uses within the watershed and selected sub-watersheds.

The upper Chickasheen watershed is underlain by glacial deposits consisting of till,
outwash, ice-contact, and organic deposits. The glacial till deposits occur on Yorker Hill
and Mt. Pleasant along the eastern watershed boundary and on the hills west of Arrow
Swamp along the northwestern watershed boundary. These deposits form a thin (average
thickness of 20 feet and maximum known thickness of 60 feet), discontinuous mantle
over the bedrock and consists of boulders, sand, silt, and clay that are unconsolidated,
poorly sorted, and unstratified.

The glacial outwash deposits occur in the lower-lying areas along Chickasheen Brook,
and the open plain area north and south of Yawgoo Pond and west of Barber Pond.
These deposits form a relatively thick mantle over the bedrock and reach a maximum
known thickness of 122 feet. The outwash deposits consists of medium to coarse sand
and gravel interbedded with fine sand, silt, and clay and are unconsolidated, generally
well sorted and stratified. Both deposits generally yield water of good quality, but locally
may contain excessive iron (Hahn, 1959). Ice-contact deposits, such as kame terraces
consist of stratified sand and gravel deposited by a meltwater stream flowing between a
melting glacier and a higher valley wall and left standing after the retreat of the glacier.
These deposits are generally located along the side slopes of the hills.

Table 2.1: Land use in sub-watersheds of the upper Chickasheen Brook watershed
(acres).

Yawgoo Pond Mud Brook Barber Pond
Description Subwatershed | Subwatershed Subwatershed
Medium Density Residential 49.04 64.58 41.39
Medium Low Density Residential 18.53 8.82 7.09
Low Density Residential 11.66 6.42 2.39
Industrial 32.95 0 0
Commercial 4.95 11.06 4.25
Waste Disposal Sites 11.30 0 0
Open Space/Gravel Pits 11.20 0 0
Agriculture 6.15 14.11 57.61
Forest 772.26 325.83 124.72
Wetlands 227.05 122.51 8.39
Water 143 4.05 25
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Figure 2.1: Land use within the upper Chickasheen watershed.
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The swamp deposits of Maple Swamp and Arrow Swamp consist of organic peat and
muck and inorganic silt and sand. These deposits are possibly underlain by the glacial
deposits exposed around them.

The soils that occur with the upper Chickasheen watershed and that formed over these
deposits are summarized in Table 2.2. Soil restrictions for conventional septic system
leaching fields range from slight to severe (Rector, 1981). According to Rector (1981),
soils that are identified with slight restrictions are generally favorable for leaching fields
and limitations are minor and easily overcome. Moderate restrictions have soil properties
or site features that are unfavorable or difficult to overcome by special planning and
design. Severe restrictions are so unfavorable or difficult to overcome that major soil
reclamation, special designs, or intensive maintenance is needed. These restrictions are
based only on the soil horizons between the depths of 18 and 72 inches. The soil
properties and site features considered are those that affect the adsorption of the effluent
and the ease of construction. The properties that affect the system’s adsorption capacity
are permeability, depth to seasonal high water table, depth to bedrock, and susceptibility
to flooding. Stones, boulders, and shallowness to bedrock can interfere with installation
of the adsorption fields.

11
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Table 2.2: Soil mapping units within Upper Chickasheen Watershed grouped by

surficial geology.

Mapping Unit Name \

Soil Texture

| Restrictions for ISDS

Areas of Glaciated Uplands Dominated by Deep Soils with a Friable Substratum

Bridgehampton-Charlton Complex Very stony Moderate (large stones)

Canton and Charlton Extremely-Very stony Moderate-Severe (large
Fine sandy loam (fs]) stones)

Narragansett Very stony fsl Moderate (large stones)

Areas of Outwash Plains, Terraces, Kames, and Eskers Dominated by Deep Soils with

a Sandy and Gravelly Substratum
Agawam Fine sandy loam Slight*
Bridgehamptom Silt loam Slight*
Enfield Silt loam Slight*
Merrimac Sandy loam Slight*
Ninigret Fine sandy loam Severe (wetness)
Raypol Silt loam Severe (wetness)
Scarboro Mucky sandy loam Severe (wetness)
Sudbury Sandy loam Severe (wetness)
Walpole Sandy loam Severe (wetness)

Areas of Inland Depressions and

Low-Lying Positions Dominated by Organic Soils

Adrian Mucky Severe (wetness and
floods)

Carlisle Mucky Severe (wetness and
floods)

*Excessive permeability may cause groundwater pollution.

12
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3.0 PRESENT CONDITION OF THE WATERBODY

3.1 Current Water Quality Conditions

Current water quality conditions in the upper Chickasheen watershed are primarily based
on observations made by the University of Rhode Island Cooperative Extension
Watershed Watch Program (URIWW) program. Some additional information is available
from historical site investigations in the area and by a University investigation made
during the early 1990’s.

The University of Rhode Island Cooperative Extension Watershed Watch Program
(URIWW) has monitored water quality in Chickasheen Brook, Yawgoo Pond and Barber
Pond since 1988. The URIWW Program is headed by the Department of Natural
Resource Sciences at URI and is an institutional collaborative between DEM, URI, local
sponsors, and the federal government. Program goals are to encourage active citizen
participation in water quality protection, to educate the public about water quality issues,
and to obtain multi-year surface water quality information. One of the aims of the
program is to establish a long-term monitoring program for water bodies throughout the
state.

The URIWW Program has routinely sampled for total phosphorus, chlorophyll-a, Secchi
transparency depth, and dissolved oxygen. URIWW began sampling in Yawgoo and
Barber Pond in 1998 and expanded into the upper Chickasheen as problems were
encountered. A brief description of the stations sampled over the years is presented in
Table 3.1. The station locations are shown in Figure 3.1. It is noteworthy that station 2 in
Arrow Swamp was only sampled during the 1990 and 1999 sampling seasons. URIWW
and DEM sampled the Arrow Swamp station in 1990 while the shellfish facilities were in
operation. URIWW reoccupied this station again in 1999 after increases were again
observed at downstream stations.

The URIWW results are compared to epilimnetic trophic state categories developed by
Nurnberg (1996) listed in Table 3.2. It should be noted that the DEM total phosphorus
criteria (25 pg/L) for ponds/lakes and the points where tributaries enter ponds/lakes is
more stringent than the Nurnberg (1996) total phosphorus criteria for eutrophic
conditions.

Total phosphorus

Total phosphorus is typically sampled on a monthly basis in Yawgoo and Barber Ponds
between the months of May and November. Starting in the spring of 1988 through the
fall of 1992, total phosphorus was monitored at the deepest area of the ponds at a depth of
one meter. Subsequent to this time, samples have been collected at one and five meters
below the surface. The URIWW phosphorus data are summarized for each station as

13



Final 5/14/04

Table 3.1 URIWW sampling stations, locations, and rationale.

ID Name Location Rationale
Route 2 East side of Route 2 (upstream) of Characterize water
CHK-01 culvert under road quality in headwaters
West side of Route 2 (downstream) Characterize water
CHK-02 | Arrow Swamp of culvert under road quality entering Arrow
Swamp
Residential property at end of Characterize water
CHK-03 Potter Road Potter Road quality exiting Arrow
Swamp
At 36-inch RCP culvert under Approximate water
CHK-04 | Miskiania Trail Miskiania Trail, approximately quality entering
2000 feet upstream of Yawgoo Yawgoo Pond
Pond
Yawgoo Pond- At deepest portion of pond Characterize water
CHK-05 Shallow (approximately center of pond), 1 quality in epilimnion
meter below water surface
Yawgoo Pond- At deepest portion of pond Characterize water
CHK-06 Deep (approximately center of pond), 4-7 quality in the
meters below water surface hypolimnion
Upstream side of approximately Characterize water
CHK-07 Mud Brook 12-inch culvert under driveway, off quality in the
Barber Pond Road Mud Brook
sub-watershed
Barber Pond- At deepest portion of pond Characterize water
CHK-08 Shallow (approximately northeast of quality in epilimnion
center), 1 meter below surface
Barber Pond- At deepest portion of pond Characterize water
CHK-09 Deep (approximately northeast of quality in hypolimnion
center), 5 meters below surface
Barber Pond At upstream side of culvert Characterize water
CHK-10 outlet headwall on west side of Route 2 quality exiting pond

Table 3.2 Nurnberg (1996) trophic state categories based on summer epilimnetic
water quality.

Analyte/Trophic Index | Oligotrophic | Mesotrophic | Eutrophic | Hypereutrophic
Total phosphorus (ug/L) <10 10 - 30 31-100 >100
Chlorophyll-a (ug/L) <3.5 3.5-9 9.1-25 >25
Secchi Disk >4 2-4 1-2.1 <1
Transparency (m)
Anoxic Factor (d/yr) 0-20 20 - 40 40 - 60 >61

14
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Figure 3.1: URIWW sampling stations in upper portion of the Chickasheen Brook
watershed.
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means by calendar year and as means for the months of July through September during
the summer season in Tables 3.3 and 3.4. Phosphorus concentrations in both ponds are
typically higher at the Sm depth than at the surface over the course of the year. In
Yawgoo Pond, the mean of samples collected during 1998 - 2002 at the ] m and 5 m
depths are 25.0 ug/l and 55.3 ug/l respectively over the period of record between 1988-
2002. Summer season concentrations at the 1 m depth are comparable to the calendar
year mean at the 1 m depth, however concentrations increase significantly at the 5 m
depth during the summer. The corresponding summer season means are 27.0 ug/l and
75.8 ug/l, at 1 m and 5 m respectively.
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Phosphorus concentrations are somewhat lower in Barber Pond, but the trends with
season and depth are similar. The mean of samples collected during 1998 - 2002 at the 1
m and 5 m depths are 18.1ug/l and 19.8 ug/l, respectively. During the summer, the 1 m
and 5 m mean concentrations increase to 21.3 ug/l and 28.3 ug/l, respectively.

Trends in the year-to-year means over the period of record are shown for the two ponds
in Figures 3.2 and 3.3. Averages for each calendar year, typically for samples collected
during the months of May through November, are shown as bars. Summer season data for
the months of July through September are shown as lines in the figures. For Yawgoo
Pond, Figure 3.2 shows elevated (approximately 25 ug/l or greater) annual mean total
phosphorus concentrations from 1988 to 1990 and from 1997 through 2002. Peak values
are seen at the surface and bottom in 1990 and 2001; both surface and bottom means
exceed the 25 ug/l water quality criterion during 1990, 2001, and 2002. The 5m depth
annual mean concentration is 104.6 ug/l (N=7) in 2001, while the summer season mean is
156.3 ug/l (N=4). Both values exceed the maximum range of the chart in the figure.

Barber Pond phosphorus concentrations in Figure 3.3 follow a similar temporal trend,
however peak concentrations are significantly lower. Annual mean concentrations violate
the phosphorus criterion only at the bottom depth during 1990 and 2001, as do the
summer season surface and bottom depth means. The highest annual mean concentration
of 55.3 ug/l (N=3) occurred at the bottom in 1990. The highest annual mean
concentrations at the surface station are 23 and 24 ug/l during 1990 and 2001,
respectively.

URIWW began sampling Chickasheen Brook in 1989. Data for the station at Miskiania
Trail in Figure 3.4 characterizes the annual trend in total phosphorus concentrations
downstream of the swamp from 1989 through 2002. This station is located
approximately 2000 feet upstream of the point where the brook empties into Yawgoo
Pond and approximates the concentrations that enter the pond. Between 1989 — 1997,
annual mean values were somewhat greater than 25 ug/l, with the exception of two
significantly higher peaks (75 and 93 ug/l) during 1989 — 1990. The summer season
values are generally higher during this period, with peak values of 99 and 109 ug/l during
1989 and 1990. Starting in 1998, levels increased dramatically to near or above 200 ug/l,
reaching a peak value of 328 ug/l in 1999. Values were again typically higher during the
summer, with the peak value of 371 ug/l again in 1999.

Supplemental monitoring was started at stations further upstream in Chickasheen Brook
by URIWW in 1989. As Table 3.3 shows, the stations at Route 2 and Miskiania trail were
sampled most frequently, with a lesser number of samples at Potter Road. Figure 3.5
shows the trend in mean total phosphorus concentration by station along Chickasheen
Brook during the two periods when concentrations were elevated at Miskiania Trail in
Figure 3.4. The 1990 - 1991 data show nearly level to decreasing concentrations from the
headwaters to the Miskiania Trail station. Total phosphorus concentrations are somewhat
elevated, (79 ug/l) at the upstream station at Route 2, and decline to 73 ug/l at Miskiania
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Trail. Total phosphorus concentrations remain somewhat elevated, 65 ug/l at Route 2
between 1998 — 2002, but increase significantly downstream. At the Potter Road station,
the mean concentration of water emptying from Arrow Swamp into Chickasheen Brook
is 430 ug/l. The mean concentration in the brook at Miskiania Trail is 234 ug/I.

Chlorophyll-a and Secchi Depth

URIWW collected samples from Yawgoo and Barber ponds for the laboratory
determination of chlorophyll-a concentrations. Samples were collected near the deepest
portion of the pond at 1 meter below the water surface. Secchi transparency depths were
measured at the same location. The chlorophyll-a data are summarized in Table 3.5 and
annual Secchi transparency depths are summarized in Table 3.6. The data are
represented graphically in Figures 3.6 and 3.7.

The URIWW chlorophyll-a data indicate that Yawgoo Pond generally experienced
oligotrophic to mesotrophic states during the mid-1990’s. Eutrophic conditions were
experienced in 1989 and hypereutrophic conditions (i.e. annual mean level >25 ug/1)
were experienced in 1990 and 2001. The Secchi transparency depths appear to confirm
these trophic states during the same time periods.

The URIWW chlorophyll-a data indicates that Barber Pond is generally mesotrophic.
Eutrophic conditions were experienced in 1995 and hypereutrophic conditions were
experienced in 1990 and 2001. The Secchi transparency depths appear to confirm the
generally mesotrophic conditions. Eutrophic conditions based on Secchi depth were
experienced in 1990, 1998, and 2001.

Dissolved Oxygen

Dissolved Oxygen was measured by titration in the field on a monthly basis by URIWW.
The value reported for each date represents an average of typically 2-4 observations.
Water samples were collected in Yawgoo and Barber Ponds at 1 m and between 4-5 m
below the surface. URIWW data for the three most recent sampling years, 1999 through
2001, were used to characterize the present condition of both ponds. Samples collected
during the months of July through September were used to represent the summer season
condition of the ponds.

Basic dissolved oxygen and temperature statistics for the 1999-2001 summer period at
the 1 m and 4-5 m depths are presented in Table 3.7. Near-surface dissolved oxygen in
Yawgoo Pond is generally high during the summer, ranging between 6.0 and 11.4 mg/I
with a mean value of 8.4 mg/l. The corresponding near-surface values in Barber Pond are
also relatively high, ranging between 5.6 and 9.0 mg/l, with a mean value of 7.4 mg/1
over the three summers.

Near-bottom summer season dissolved oxygen levels are significantly lower, with means

of 1.0 mg/l or less in Yawgoo Pond and below 3.5 mg/l in Barber Pond. A majority of the
summer season near-bottom dissolved oxygen levels in both ponds are less than 1.0 mg/I.
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The average sample depths at which these levels were observed range from 4.5 — 6.8 m in
Yawgoo Pond and from 4.2 - 4.5 m in Barber Pond. This hypoxia or anoxia is attributed
to the thermal stratification of the ponds. Mean summer season temperature differences
between the surface and bottom sampling depths range from 4.0 deg C to 7.6 deg C in
Yawgoo Pond and by a similar amount in Barber Pond. The resulting density difference
impedes the vertical mixing of oxygen from the surface. Thermal stratification has been
linked to seasonal hypoxia (DO values down to 2 mg/l) in relatively pristine freshwater
ponds in Rhode Island (Tetra-Tech, 2002). The hypolimnetic waters of Yawgoo and
Barber Pond would be better characterized as generally anoxic during the summer, in
which DO is characteristically less than 1 mg/L.

Yawgoo and Barber Ponds were included in a fisheries assessment of 101 Rhode Island
lakes and ponds reported in Guthrie and Stolgitis (1977). Vertical profiles of total
alkalinity, dissolved oxygen by Winkler titration, temperature, and pH were measured in
the two ponds in mid-August, 1955. In Yawgoo Pond, temperature and dissolved oxygen
were relatively constant, at 26° C and 7 to 8 mg/l, to a depth of around 3 m. Both
properties then dropped significantly below the thermocline. Temperature declined
steadily to nearly 12° C at 9 m. Dissolved oxygen dropped to 2.5 mg/l below 5 m, then to
approximately 0.5 - 1.0 mg/l at 9 m. For Yawgoo Pond, Guthrie and Stolgitis concluded
that “the pond is thermally stratified, but does not contain enough oxygen in the
hypolimnion to support trout. The extent of deep water constitutes a significant
proportion of the total water mass..... The existing fish population appears to be in a
healthy condition and under present conditions no management attempts seem
warranted.”

Guthrie and Stolgitis reported that the behavior of temperature and dissolved oxygen was
similar in Barber Pond, where surface values were again 26° C and 7 to 8 mg/I,
respectively. Temperature appeared to drop more continuously with depth to a low value
of 14° C at 4.5 m. Dissolved oxygen remained relatively constant to a depth of 2.5 m,
then dropped to 1 mg/l or less at 4.5 m. Guthrie and Stolgitis concluded “Although the
pond is small and shallow, some evidence of thermal stratification was found during
summer conditions. Dissolved oxygen tends to be reduced in the cooler water which
indicates that this is not trout waters. In spite of the relatively adverse summer conditions
for trout, a successful ‘put and take’ fishery is achieved annually through state stocking.”

The hypolimnia of both lakes were hypoxic and nearly anoxic nearly 50 years ago.
Observed dissolved oxygen was less than or equal to 1 mg/l near the bottom (9 m) in
Yawgoo Pond and Barber Pond (at 4.5 m) at that time (1955). Aerial photographs of the
area taken in 1951 show that the watershed of upper Chickasheen Brook was principally
forested open land with minor development along Route 2 during that period. The 1955
near-bottom dissolved oxygen values are equivalent to those listed in Table 3.7 for
years1999-2001. It is clear from this information that summer season hypoxia in the
hypolimnia of both ponds results from the presence of the thermocline.
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The duration and severity of hypoxia in both ponds is exacerbated by current phosphorus
loads, however. In the pond hypolimnia, oxygen depletion is largely a function of
phytoplankton respiration and sediment oxygen demand (SOD). SOD is in turn
dependent on phytoplankton death rate, which increases as the phytoplankton population
increases. On a seasonal basis, the result of increased phosphorus loading can be shown
to be a shorter time to the onset of hypoxia in the hypolimnion of a pond, and more
severe hypoxia at any time during the summer season (Thomann and Mueller, 1987).

Given the historic data available for Barber Pond and the similarity of stratification in the
two ponds, it is clear that dissolved oxygen in both ponds would not meet the state water
quality standard under any achievable future condition. With the influence of the
excessive phosphorus loads eliminated, violations of the numeric dissolved oxygen
criteria in the hypolimnia of both ponds would be considered to result from the natural
hydraulic condition of the pond. Under that state, hypoxia in the hypolimnia would not
considered as violations of the water quality standards.

Figure 3.8: URIWW growing season mean surface and bottom dissolved oxygen
compared with pre-development (1955) values in Yawgoo and Barber Ponds.

Yawgoo Pond Summer Season DO Barber Pond Summer Season DO
0 » 0 .
]
-2 1 n
E 4 E 2
e <
g g
o 61 nm a -3
-8 1 —e— Guthrie and Stolgitis (1977) -4 1 —e— Guthrie and Stolgitis (1977)
B URIWW Average 1999-2001 u B URIWW Average 1999-2001
-10 \ ‘ ‘ ‘ -5 ‘ : : ;
0 2 4 6 8 10 0 2 4 6 8 10
Dissolved Oxygen (mg/l) Dissolved Oxygen (mg/l)

3.1.2 Current Phosphorus Loads

Existing and allowable load estimates were derived from the URIWW total phosphorus
data and estimated stream flows using estimated annual mean discharges obtained by
regressing the annual mean flows of nearby gauged rivers against their drainage areas.
The upper Chickasheen Brook watershed was divided into three areas consisting of (1)
the area contributing to Yawgoo Pond, (2) the area discharging to Chickasheen Brook
between Yawgoo and Barber Ponds, including the Mud Brook drainage area, and (3) the
area draining directly to Barber Pond (Figure 3.9). Sub-area 1 was further broken down
into three sub-areas, 1A, 1B, and 1C for the characterization of sources in Section 3.2.
Flow data from six long-term, continuous-record stream flow gauging stations in the
Pawcatuck and Potowomut watersheds were used for the estimate. Basic information on
the reference gauging stations is presented in Table 3.8.
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Annual mean flows were regressed against drainage area for the period of record at each
station in Table 3.8. A summary of the runoff factor calculations and the calculations of
existing loads are presented in Appendix A. The exercise yielded an estimated annual
mean discharge from the watershed upstream of Miskiania Trail (subwatersheds 1A and
1B in Figure 3.9) of 2.83 cfs. The mean discharge of Chickasheen Brook leaving Barber
Pond was estimated at 4.3 cfs.

Table 3.8 Gauging stations used in regression analysis.

USGS Mean POR
Waterbody | Waterbody Name Basin Period of | Drainage Annual Runoff
ID Record Area Discharge | Factor
(mi’) (cfs) (cfs/mi?)
01117468 Beaver River near Pawcatuck 1974 —
Usquepaug, RI River 2000 8.87 46.9 2.05
01117350 Chipuxet River at Pawcatuck 1958 —
West Kingston, RI River 2000 9.99 215 213
01117000 Hunt River near Potowomut 1940 —
East Greenwich, RI River 2000 22.9 715 2.15
01117420 Usquepaug River Pawcatuck 1958 —
near Usquepaug, RI River 2000 36.1 215 242
01118000 | Wood River at Hope | Pawcatuck 1941 -
Valley, RI River 2000 72.4 196 1.96

01117500 Pawcatuck River at Pawcatuck 1940 —
Wood River River 2000 100 156 2.15

Junction, RI

Monthly mean flows for the period of record for each of the six rivers in Table 3.8 were
next regressed against their drainage areas to produce mean monthly discharge estimates
for selected reaches of Chickasheen Brook. Table 3.9 shows the averaged monthly runoff
coefficients (cfs/mi”) for the reference rivers and the estimated flows for Chickasheen
Brook at Miskiania Trail and Mud Brook including the drainage area of Barber Pond.

Estimated current total phosphorus loads to Yawgoo and Barber Ponds and the
Chickasheen Brook are summarized in Table 3.10. The existing annual total phosphorus
load to each water body was taken as the product of the estimated annual mean flow for
the period of record and the mean observed Total phosphorus concentration for the period
1998 to 2002. The contribution of atmospheric deposition was assumed to be negligibly
small. The load to Yawgoo Pond from Miskiania Trail was calculated for the period of
1998 — 2002 by taking the product of each measured total phosphorus concentration in
the stream and the corresponding mean monthly discharge of the brook at that point
(from Table 3.9), and converting the result to monthly total flux units (i.e. kg/month).
The 1998 — 2002 values were then averaged by month. Because the URIWW were only
collected between May and December (in general) during that period, estimates had to be
derived for the months of January through April, for the winter season. The winter month
concentration was taken as the average of the May and December averages. The monthly
loading was then calculated as the product of the winter season concentration and the
monthly mean segment flow from Table 3.9. Because relatively little sampling was
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conducted during November, the November monthly loads were calculated by scaling up
the October values by the ratio of monthly flows. The monthly mean loads were summed
to produce an estimate of the annual mean total load for the period 1998 —2002. Using
this approach, the annual load in Chickasheen Brook at Miskiania Trail was estimated at
425 kg/yr. The contribution of basin 1C (21 kg/yr) was calculated using the product of
the annual mean runoff factor and the mean concentration for Mud Brook. The total load
to Yawgoo Pond was therefore 446 kg/yr.

Table 3.9 Averaged monthly runoff coefficients (cfs/mi?) for the reference rivers and
estimated flows for Chickasheen Brook at Miskiania Trail and Mud Brook and the
drainage area of Barber Pond.

Estimated mean monthly discharge based on
Monthly mean runoff monthly runoff factor, (cfs)
Month of |[factor for six reference |Chickasheen Brook at
year rivers by month of year [Miskiania Trail Mud Brook and the
for the period of record Chickasheen watershed
below Yawgoo Pond
(cfs/mi®) (1.32 mi’) (0.87 mi’)
January 2.86 3.77 2.49
February 3.04 4.01 2.65
March 3.77 4.98 3.29
April 3.69 4.87 3.22
May 2.73 3.61 2.38
June 1.95 2.57 1.70
July 1.03 1.36 0.90
August 0.86 1.14 0.75
September 0.78 1.03 0.68
October 0.96 1.27 0.84
November 1.64 2.17 1.43
December 2.38 3.14 2.07

The Barber Pond annual influent total phosphorus load was calculated as the sum of the
loads from sub-basin 1 (i.e. 1A, 1B, and 1C) and 2 in Figure 3.9. The sub-basin 1 load
was calculated as the product of Yawgoo Pond mean epilimnion total phosphorus
concentration and the annual mean outflow of Yawgoo Pond. The Mud Brook and basin
2 contribution to Barber Pond was estimated at 38 kg/yr using the approach described for
basins 1A and 1B above. The estimated phosphorus load to Barber Pond was estimated at
134 kg/yr.

In Figure 3.10, mean phosphorus concentrations in various parts of the upper
Chickasheen watershed for 1998 to 2002 are compared to their values during 1990 to
1991 when the shellfish facilities had been operating, and from 1994 to 1997 when
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Figure 3.9: Sub-watershed areas contributing to Yawgoo and Barber Ponds
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Yawgoo and Barber ponds exhibited mesotrophic to oligotrophic conditions. Using the
concentration at Miskiania Trail as the key, it appears that loadings to the ponds were
elevated before 1992, decreased until 1997, then increased to a significantly higher level
beginning in 1998. Given the information presently available for the area, it is apparent
that the loading increase to the Chickasheen Brook and ponds originates downstream of
Route 2, probably from Arrow Swamp. The data and site visits by URIWW point to the
inundation of Arrow Swamp resulting from beaver activity as a cause of the increased

Table 3.10: Summary of estimated present total phosphorus loads and mean flows
in the study area

Estimated Mean annual
Drainage mean (iiiiéi??a?oip Annual TP
Water body area annual from loading
(sq. mi.) dls(cclg)r 8¢ | measurements (ke/yr)
(ppb)
Chickasheen Brook at
Miskiania Trail point of 1.32 2.83 233.90 425
entry to Yawgoo Pond
Total Phosphorus load
entering Yawgoo Pond 446
(kg/yr):
Discharge leaving Yawgoo
Pond and Chickasheen
Brook at point of entry to 2.00 4.30 25.04 o6
Barber Pond
Total Phosphorus load
entering Barber Pond 147*
(kg/yr):
Discharge leaving Barber 330 708
Pond

* Load calculated from monthly values

release of phosphorus from the enriched soils of the swamp. Available information
indicates that the concentration increase resulted from the release of phosphorus by the
sediments. The release may have been triggered by the inundation of the swamp, which
changed its physical and chemical properties. The phosphorus burden in the sediments
apparently originated from the waste lagoons at the former Harbor Shellfish facility.

32



Final 5/14/04

Figure 3.10: Comparison of annual phosphorus concentrations along the upper
Chickasheen Brook watershed.
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Available information suggests that the sludge deposits may still be present in one or
more of the back-filled lagoons.

The increase at the Route 2 east station may result from increased development within the
headwaters area, or may be an artifact of the measurement process. A comparison of
aerial photos of the area in 1995 and 1999 shows eight additional houses on Azalea Drive
and Kimberly Hope Drive in Exeter. This additional development would produce a slight
load increase due to ISDSs and fertilizer applications to lawns.

The following equation was used to estimate the mean in-pond phosphorus concentration
as a function of loading and other variables (Walker, 2001):

P=L/(Q+ UA)
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where:

P = lake phosphorus concentration (annual average value);
L = average external phosphorus load (Kg/yr);

Q = average annual lake outflow (million cubic meters/yr);
A = lake surface area (m?”); and

U = phosphorus settling velocity (m/yr).

Walker (2001) provides the following empirically-based means of estimating U:
U = (zQ/A)>
Where z is the mean depth of the lake and Q and A are as defined above.

Estimates of the existing annual mean TP in the ponds based on the relationships given
above using available information on lake outflow and geometry are presented in
Appendix B. Using the estimated annual load (446 kg) to Yawgoo Pond, the annual mean
concentration in the pond is estimated at 65.5 pg/l. This value is significantly higher than
the depth-weighted value of 44.9 ng/l (RPD =31.5%). The difference between the
estimated total phosphorus concentration and the depth-weighted observed value may
occur because the actual load from Chickasheen Brook is lower than the estimate or
because the internal phosphorus settling velocity is faster than the rate of 5.13 m/yr
calculated from the equation given above. For example, the use of the standard reference
settling rate of 10 m/yr yields a mean total phosphorus concentration of 47.2 ug/l (RPD =
4.9%). The residence time used in the calculation is also estimated and may vary
somewhat from the actual value.

Based on the estimate of annual load to Barber Pond, the annual mean concentration in
the pond is expected to be 18.8 pg/l. This value compares well to the observed depth-
weighted value of 19.2 ng/l (RPD =2.4%). This in-pond estimate is closer to the actual
v